.
The aim of the present study was to test the value of cell wall composition as a taxonomic characteristic by submitting strains of actinomycetes of various cell wall types to the action of agents that would permit the isolation of stable variants, differing morphologically from the parents. These were chemically analyzed in an attempt to detect variation from parental types. If one considered only the major constituents which had previously been assigned diagnostic value, then no such variation was found. Maintenance of stock cultures. Parent strains and their variants were maintained on agar slants as follows: N. asteroides and its variants on yeast extractdextrose (YD; 13); N. madurae and S. griseus and their variants on potato-carrot (PC; 3); M. brevicatena and some of its variants, on NZ-amine-glycerol (NZG; 10); Actinioplanes sp. and its variants on YD; and M. rosea and its variants on Pablum (Pab; 6). M. brevicatena and M. rosea were grown at 37 C; the other strains were grown at 28 C. Morphological features were observed on the following media: N. asteroides and S. griseus on PC; N. madurae on potato- EMS was emulsified in the aqueous cellular suspensions at 28 C, and was then plated out on maintenance media (12) .
Aqueous solutions of the antibiotics were incorporated into plates of maintenance media at different concentrations. These Determination of amino acids and sugars. Cell wall preparations were made by using a procedure previously described (2) , except that extraction with 0.5% ethanolic potassium hydroxide was employed as a final step rather than at the beginning of the procedure. C oven, with a CHCl3 layer to prevent microbial contamination. Drying could also be carried out in vacuo. The dry residues were dissolved in 0. Unless otherwise specified, "chemical analysis" refers to analyses of whole cell hydrolysates.
RESULTS AND DIscussIoN N. asteroides. The parent strain of N. asteroides used in these studies formed pink colonies with a hairy surface. Aerial hyphae were short with side branches that occasionally terminated in a chain of poorly formed spores. Substrate mycelium was formed of long hyphae on which chains of wellformed spores were always borne, both laterally and terminally.
Exposure to UV was from 30 sec to 17.5 min, the second figure corresponding to 3,530 ergs per mm2 per sec. Under the latter conditions, 0.17% of the cells survived. Eighteen stable variants were selected representing three main morphological groups: (I) white colonies with a smooth surface, having nonsporulating, usually long, aerial hyphae without side branches and a sterile substrate mycelium; (II) colonies having a rough surface with humps, short aerial mycelium with spores, and bright orange sterile substrate mycelium formed of short hyphae; and (III) same as II, but sterile substrate mycelium formed of long hyphae.
An examination of the survivors from various doses of UV light showed that the occurrence of the different types of morphological variants was independent of the dose. Analyses carried out on whole-cell hydrolysates revealed that 15 of the 18 variants did not exhibit any differences in major chemical constituents from the parental type, but three had less arabinose. Cell wall preparations from these three strains were made and analyzed. Again, no difference was found except for some reduction in the relative amount of arabinose which was, however, still present as a major constituent.
One of the variants of type I (white, long, aerial mycelium, smooth surface, Z-16-14) was reirradiated and nine strains representing stable subtypes were isolated. Subtype I was like the parent, but the aerial mycelium was reduced to mere stumps.
Subtype II was like the parent, but the substrate hyphae were extremely fine and granular and the aerial mycelium formed many hyphae with terminal brushlike structures. Whole cell hydrolysates of these nine strains were prepared and analyzed. No change was observed.
Shaking cellular suspensions of N. asteroides for 1 hr in presence of 0.05 ml of EMS per milliliter before plating out, yielded, after incubation, colonies very different morphologically from the parent. These were all unstable and readily reverted to parent morphology. Similar results were obtained with penicillin at the concentration of 14 units/ml (4% survival).
Novobiocin (130 ,gg/ml) allowed the survival of 1.5% of the exposed population. The survivors were all of parental morphology.
Bacitracin, at 18 units/ml, permitted a survival of 0.8 % of the exposed population of N. asteroides, whereas 0.4% of the population survived 20 units/ml. No survivors were observed at 25 units/ ml. Twelve variants were isolated which were morphologically different from the parent. Five of these were very similar to strain Z-16-14, previously mentioned. The other seven strains were slightly pink with short aerial mycelium bearing two to three spores, and long sterile substrate hyphae. Whole cell hydrolysates of ten of these variants were chemically analyzed. Five showed a slight increase in galactose. No other variation was observed.
Only 5% of a population of N. asteroides grew at 42 C on solid maintenance medium. Colonial morphology of these survivors was very similar to that of the parent strain. Colonies so selected did not grow in liquid shake culture at 42 C.
Cellular material, harvested after growth on a medium with an initial pH of 5.0, was analyzed chemically and found to contain slightly less mannose than the parent. A cell wall preparation showed a diminution of the quantity of N. madurae was exposed to EMS by shaking suspensions in the presence of EMS or by incorporation of this chemical into the agar. No satisfactory inhibition of the growth was obtained, and no morphological differences were found except that a few sterile strains were obtained. A cell wall preparation from one of these was of typical type III.
In the presence of 600 units of penicillin per milliliter, 0.88% of the cells of N. madurae survived, but no growth was observed at 1,000 units/ ml. Morphological variants were of two types: one, very similar to the first type obtained by UV exposure; and the other, colonies having abundant aerial mycelium formed of straight hyphae having no side branches or spores which occasionally formed aerial coremia-like structures. Most of these were not morphologically stable, especially those of the second type. Ten stable variants were analyzed chemically and only one showed a slight diminution in galactose content over that of the parent. No other changes were found.
N. madurae was very susceptible to bacitracin; 0.88% of the population survived exposure to 3.0 units/ml. Only one variant type was observed, very similar to the second type obtained by UV irradiation. Four stable variant strains were analyzed chemically, but no changes were found.
N. madurae also showed great sensitivity to novobiocin (1 % survival in presence of 5.0 units/ ml). One type of variant was observed which formed abundant aerial mycelium with occasional coremia-like structures. The aerial hyphae had coiled side branches, but these were sterile. Vegetative mycelium was very thin, often of a granular structure. Four stable variant strains were chemically analyzed. No changes were found.
N. madurae grew well at 42 C with 43 % of the inoculum developing. The cells obtained at 42 C were used to inoculate submerged cultures incubated at 47 C; and the harvested biomass was analyzed chemically. No changes were observed. From submerged cultures, samples were plated out on maintenance medium and incubated at 42 C. No morphological variation could be detected, but five colonies were selected at random and analyzed. Two of these had less galactose than the parent and three were of the parental chemical type. Cell wall preparations of three of the five strains were typical of type III.
M. brevicatena. The parent strain of M. brevicatena formed aerial mycelium with short chains of globose conidia on both aerial and vegetative hyphae.
Among the 0.7% survivors of an exposure to UV (3,240 ergs per mm2 per sec), seven stable variants were selected which were mainly characterized by being sterile versions of the parent. Five of these were analyzed. No changes were found.
Exposure of M. brevicatena to 0.007 ml of EMS per milliliter during 1 hr killed 99.4% of the cells. Morphological variants in all cases showed a stunted growth, with an almost complete lack of sporulation, and a tendency to form coremia-like structures. Ten such stable variants were isolated, six of which were analyzed. No changes were observed in chemical composition when compared to the parental type.
In presence of 50 units of penicillin per milliliter, 1.3% of an exposed population of M. brevicatena grew. The colonies were nonpigmented to light cream color and very flat. Aerial mycelium was abundant with sporangia-like bodies at the tip of many hyphae. Primary mycelium was very fine, granular, and sterile. These reverted easily to parental morphology. One strain was isolated, and a cell wall preparation was analyzed, which revealed no change from the parental type IV.
Actinoplanes sp. The parent strain of Actinoplanes sp. produced sporangia containing motile spores on the surface of the colony. Vegetative mycelium consisted of fine, long, sterile hyphae.
Exposure to UV (1,820 ergs per nm2 per sec) permitted only 0.26% of the cells to survive. Eight variants were isolated which showed complete or partial lack of formation of sporangia. All of them reverted rapidly to parental type.
The Actinoplanes sp. was sensitive to low concentrations of penicillin, and 0.5 units/ml allowed survival of only 4.4% of the exposed population. Two types of variants were observed: one, colonies showing complete lack of sporangia and long, fine, vegetative mycelium; and the other, colonies on which sporangia were formed less abundantly than in the parent, and in which the sporangiophores were usually longer than those of the parent. Short, rudimentary, aerial hyphae were formed and the vegetative mycelium was like that of the parent. Six stable variahts were analyzed. No changes were found.
In the presence of 5 units of bacitracin per milliliter, 8% of the inoculum of Actinoplanes sp.
grew, but no significant morphological changes were observed.
Actinoplanes sp. did not show much sensitivity to novobiocin. Almost 100% survival was observed in the presence of 100 ,ug/ml of novobiocin. No morphological changes were noted. M. rosea. The parent strain of M. rosea formed aerial mycelium bearing longitudinal pairs of conidia. The substrate mycelium was sterile.
Exposure to UV (3,841 ergs per mm2 per sec) None of the three antibiotics yielded morphological variants of S. griseus. Survival rates were as follows: 0.08% of the population survived 20 units of penicillin per milliliter, 0.95% survived 0.5 units of bacitracin per milliliter, and 0.12% survived 0.5 ,ug of novobiocin per milliliter. Six strains resistant to the action of penicillin and two resistant to novobiocin were analyzed chemically. They were similar to the parent. Two survivors of exposure to bacitracin were likewise analyzed. One of these lacked galactose. The other was of parental type.
Analysis of results. A total of 134 strains, obtained from the six parents, were analyzed chemically by whole cell analysis in an attempt to detect variation over parental types in certain of the major constituents of the cell wall (Table 2) . Fiftytwo of these were examined by cell wall analysis.
No major change was noted in the constituents used to classify the organisms, as summarized in Table 1 , thus indicating that cell wall composition is a stable characteristic worthy of use in the classification of aerobic actinomycetes.
